cloned only the downstream pathway. On the bases of proposed pathway, we hypothesized that 1 1 1 F3H is not only responsible for naringenin conversion to dihydrokaempferol and 1 1 2 dihydroquercetin but also responsible for direct conversion to kaempferol and quercetin which is 1 1 3 a novel step, not reported up to date. Furthermore it is demonstrated that, F3H also converts 1 1 4 kaempferol into quercetin. insert, the gene was amplified with the forward primer "ggatcc by adding a single colony picked using a sterile toothpick to 30 µl of 0.03 M NaOH; the mixture 1 1 TLC is one of the most important procedures to confirm the presence of related compounds in 2 8 0 the extract by comparing the extract with the reference. To substantiate the confirmation of 2 8 1 kaempferol and quercetin, TLC was performed using standard method (Harborne, 1998 concentration and a favorable solvent that clearly separated kaempferol and quercetin was 2 8 8
selected. Different solvent profiles analysis results confirmed that toluene:ethyl acetate:formic 2 8 9 acid (7:3:0.5) separated kaempferol and quercetin significantly as shown in Fig. 2C . These 2 9 0 results also revealed that there was no difference between Rf of standard and that of the extracted 2 9 1 sample. However, the Rf of kaempferol was found higher than that of quercetin in all the mobile 2 9 2 phases. Similarly, quercetin was appeared before kaempferol, which shows that quercetin is 2 9 3 more polar than kaempferol (Tang et al., 2001) . The bands appeared on the TLC plate 2 9 4 authenticated that flavonol 3-hydroxylase enzyme catalysed naringenin into kaempferol and 2 9 5 quercetin. OsF 3 H expression in yeast and enzyme assay 2 9 8
To further confirm F 3 H activity and protein expression level, the transformed yeast as well as 2 9 9 empty yeast (having an empty pRS42K vector) were grown for 24 h at 30°C. After 24 h, 3 0 0 naringenin was added to the cultured media of the transformed strain and proteins were isolated vector does not produced the target protein similar to transformed strain which shows lack of 3 0 6 F 3 H activity. Thus, it was proved that S. cerevisiae has no F 3 H activity and only transformation 3 0 7
with OsF 3 H is responsible for the recombinant protein production. On comparing the expression 3 0 8 level at each time point, it was assumed that the expression levels slightly increased after each 3 0 9
interval because of the continuous catalytic activity of the enzyme (Fig. 2D ). for the most frequently using promoter and terminator, and selected PGK1 and CYC1t promoter 3 2 5
and terminator respectively and no damage were founded which predicts that the target gene 3 2 6
were expressed in a controlled circumstances.
2 7
Identification of kaempferol and quercetin via nuclear magnetic resonance (NMR) 3 2 8
NMR spectroscopy was used to identify a compound by the demonstration of type, number, and 3 2 9 position of atoms in a molecule. It is a comprehensive study involving the renovation of the 3 3 0 chemical structure of a compound architecture by generating detailed information about carbon 3 3 1 and hydrogen atoms in the structure. Currently, NMR application is one of the most significant 3 3 2 tools for structure analysis of flavonoids. In the current study, we used NMR spectroscopy to and their derivatives. Samples subjected to NMR analysis revealed only a single compound, the identification of quercetin and the lack of kaempferol, it is predicted that kaempferol is produced efficiently than the other step. It is also possible that the expression of OsF 3 H gene in yeast 3 5 0 significantly converts naringenin into dihydrokaempferol and dihydroquercetin, and at the same Due to the high pharmaceutical importance of both kaempferol and quercetin, microbial based 3 5 7 synthesis of both compounds is a potential approach to enhance its low production in plants. The The strain containing OsF3H gene showed significant synthesis of kaempferol and quercetin by C h e n , S . , X i a n g , Y .
, Fig. 1. Schematic representation of the flavonoid biosynthetic pathways proposed for the significant production of kaempferol and quercetin in different organisms. Encircled genes shows the differences of gene regulation responsible for different steps regulation among the different organisms pathways. Naringenin is a basic substrate of all these pathways synthesize from phenylalanine which is originated from shikimate pathway through a series of enzymatic reactions. Basically these pathways shows that naringenin converted to dihydrokaempferol by the catalytic activity of F3H and further it also converts dihydrokaempferol into dihydroquercetin. While both of them further converts into kaempferol and quercetin by activation of FLS. (A) In yeast, expression of N3COX is a responsible gene for conversion of naringenin into dihydrokaempferol and also F3H converts kaempferol into quercetin which is different from other organisms. (B) In bacteria, expression of FMO/CPR shows conversion of kaempferol into quercetin. (C) Arabidopsis shows the basic pathway of kaempferol and quercetin synthesis. (D) In lotus, DFR is responsible for conversion of dihydrokaempferol into kaempferol while, gene responsible for quercetin synthesis is unknown. (E) Synthesis of quercetin in blackberry is different from the rest, because kaempferol first converts to dihydroquercetin by activation of F3H which further converts into quercetin by FLS. (E) Our proposed pathway shows that F3H is not only responsible for the conversion of naringenin into dihydrokaempferol and dihydroquercetin, but can also converted naringenin directly to kaempferol and quercetin represented by the dotted arrow. However it also synthesis the intermediate dihydrokaempferol and dihydroquercetin, which then converts to kaempferol and quercetin via FLS activity. We also predicts due to previous study that, F3H is also responsible for the conversion of kaempferol to quercetin. quercetin at 366 nm UV light. Two samples are analyzed after fractionation through a silica column indicated as S1 and S2, i.e., sample one and two, respectively. At the same time, standards are also run for comparison as represented by KS for kaempferol standard and QS for quercetin standard, whereas K represents kaempferol and Q represents quercetin bands. (D)
Figure legends
Immunoblotting of yeast recombinant protein translated from OsF 3 H gene. The same amount of transformed strain (each time point) and empty strain protein are prepared and subjected to immunoblotting along with gene-specific antibodies (rabbit anti-CHS chalcone synthase from Sigma Aldrich). SDS-PAGE analysis does not detect the target protein in the empty strains and these are not further analyzed by immunoblotting analysis. At 2, 12, and 24 h represent the time points at which the protein was extracted from yeast strain feeding on substrate. 
